Influence of inoculation with arbuscular mycorrhizal (AM) fungi [Gigaspora margarita (GM), Glomus fasciculatum (GF), Glomus sp. R 10 (GR)] for the production of tomato (Licopercicon esculentum Mill., cv. Momotaro-T93) as plug seedlings was investigated. Twenty eight days after inoculation, in GM plots, dry weights of shoots and roots were heaviest among the plots irrespective of the 3 phosphorus levels (5, 25 and 50 ppm KH2PO4 in liquid fertilizer), and became maximum in 25 ppm P. As for root ball formation, the percentage of complete root ball formation reached 100% in all the P levels only in GM plots. AM fungal infection level in a root system showed highest values in GM plots among the fungi, irrespective of the P levels. GM plots gave greater P concentration in shoots and roots than did noninoculated ones except 50 ppm P ; in GF and GR, no increase in P concentration occurred among almost of the treatments. Tomato seedlings raised in 25 ppm P, infected with GM, continued to grow rapidly after being transplanted to a new bed soil. These results suggest that AM fungus inoculation is essential for obtaining vigorous tomato seedlings and for enhancing the initial growth of transplants in a plug seedling system, though the effects differed with fungal species.
INTRODUCTION
Plug seedling system is widely utilized for the initial cultivation of many vegetable crops. In addition, direct transplanting of plug seedlings to the field without secondary raising have been attempted, because of labor-saving and cost reduction (Weston and Zandstra, 1986; Tsukagoshi, 1999; Imura, 2001) . Sato et al. (1999) demonstrated that rapid growth after transplanting is an important aspect of plug seedling culture because growth reduction after transplanting resulted in a lack of uniformity in the fields and decrease in yield. However, direct transplanting in tomato plug seedlings caused extension of initial growth period resulting in retardation of post-transplant development (Weston and Zandstra, 1986) , and has difficulty in promoting initial growth (Imura, 2001) .
Arbuscular mycorrhizal (AM) fungus promotes host plant growth mainly by enhancing phosphorus uptake through host-fungus symbiosis in plant roots (Marschner and Dell, 1994) . Matsubara et al. (1999) reported that AM fungus infection and growth enhancement through symbiosis occurred in tomato seedlings in pot experiment, in addition, free sugar was increased in the infected plants. Thus, inoculation with AM fungus might be useful for establishing high quality seedlings quickly with plug trays, obtaining good growth after transplanting, and a Twenty eight days after inoculation, the root ball formation was categorized into 3 degrees : 1, collapsed ; 2, almostly complete ; 3, complete ; 2 and 3 are available for transplanting. In addition, plug seedlings categorized as degree 3 in GM-P25 plots were transplanted to a new bed soil (prosoil, Shinto Kagakukogyo Co., Ltd., Chiba, Japan ; N : P : K=200: 1600: 200, mg/1) packed in plastic containers [36 cm X 50 cm X 16 cm (H)]. The 15 cells (root balls) per plot were irrigated as needed and grown for 4 additional weeks in a greenhouse. Evaluation of AM fungal infection level in roots. Twenty eight days after AM fungus inoculation and 4 weeks after transplanting, roots were fixed with 50% ethanol and stained according to Phillips and Hayman (1970) to observe the rate of AM fungal infection in segments of lateral roots (RFISL). RFISL expresses the percentage of AM fungus-infected segments to the total 1 cm segments of the lateral roots of a plant. The average is calculated from the values of 5 plants.
Determination of phosphorus in plants. The plants for determining P were sampled 28 days after inoculation.
All roots were rinsed with distilled water to remove the bed soil and AM fungal hyphae that were attached to the root surface : AM fungus-infected roots were intactly used for the determination.
Dry matter of shoots or roots were weighed separately after drying at 70ßC for 72 h.. The shoots collected from 3 plants were ground, and then the roots from the 3 plants were made in the same way. The shoot or root samples were wet-ashed separately, and their P concentrations were determined by the method according to Matsubara
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RESULTS
Twenty eight days after inoculation, plant height and leaf area became higher in GM plots than noninoculated ones, irrespective of P levels : no difference occurred among GM plots (Figs. 1, 2) . GF and GR plots showed relatively equal or lower values of plant height and leaf area compared with noninoculated ones. In noninoculated plots, dry weights of shoots and roots increased with P levels (Fig. 3) . In GM plots, dry weights of shoots and roots were heavier than those of noninoculated plots and became maximum in P25, while in GF and GR plots, dry weights were equal to noninoculated ones in P5 and P25. In P50, shoot dry weight became lower in GF and GR plots than noninoculated one, and root dry weight of GR was greater than that of noninoculated.
As for root ball formation, collapsed and almost complete root ball formation appeared in noninoculated, GF and GR plots in P5 and P25, while in GM plots, the percentage of complete root ball formation reached 100%, regardless of P levels (Fig. 4) . In P50, complete root ball formation showed 100% in all the inoculated plots except noninoculated one. AM fungal infection occurred in all the inoculated plots, and RFISL showed highest values in GM plots among the fungi, irrespective of the P levels : in GM plots, RFISL became highest in PS and no significant difference appeared between P25 and P50 (Fig. 5) . In GF plots, RFISL decreased with P levels, while in GR, there was no significant difference in RFISL among the P levels. In noninoculated plots, P concentration in shoots and roots became highest in P50 among the P levels : no difference appeared between P5 and P25 (Fig. 6) . On the other hand, GM plots gave greater P concentration in shoots and roots than did noninoculated ones in P5 and P25, while no difference took place between the two plots in P50. In GF and GR plots, P concentration increased only in shoots of P5.
Four weeks after transplanting, all the transplants took roots, and GM plot yielded heavier shoots and roots than did noninoculated ones (Table 1) . GM infection was successively recognized in the transplants, and RFISL in GM plot reached 28.4%. 
DISCUSSION
In this study, fungal difference appeared in growth enhancement through symbiosis and RFIPR in tomato plug seedlings. The optimum result depended on the following factors : a mixture of brown peat and vermiculite (9: 1, v/v) containing 0.5 g inoculum of GM per cell in a 200-cell tray, 25 ppm KHZPO4 in liquid fertilizer. These results indicate that AM fungus inoculation promotes vigorous growth of plug seedlings and subsequent growth of plug-grown transplants in tomato, resulting in improve the growth of direct transplants to the field.
In our experiment, RFISL at the transplanting differed with fungal species and P levels. Sutton (1973) demonstrated that the AM fungal infection consisted of three phases : (1) a lag phase during which spore germination, germ tube growth, and initial penetration occurred ; (2) a rapid growth phase, coinciding with the development of external mycelium, and spread of the fungus within the roots ; and (3) a stable phase during which the proportion of infected roots to noninfected ones remains nearly constant. In this study, the RFISL was investigated only 28 days after inoculation before transplanting, so that it is difficult to estimate how the phosphorus concentration affected each of the three processes. With respect to the relationship between RFISL and plant growth promotion, no growth promotion occurred in most of the GF and GR plots, though the RFISL differed little among the fungi especially in P5 and P25. Hence, it is supposed that RFISL might not be proportioned to growth enhancement in plants. On the other hand, the difference in infection level and growth promotion among the combinations between host cultivars and fungal species was reported in apple seedlings . Tawaraya et al. (1999) demonstrated that infection level, growth promoting effects and phosphorus concentration in plants depended on host cultivar in Welsh onion inoculated with Glomus fasciculatum.
In our study, fungal difference occurred, but, the reasons for no effect or growth reduction in GF and GR plots have been unclear. We surmised that the phenomena might be partially caused by the incompatibility between host cultivar and fungal species, which would result in low hyphal ability in P uptake, and fungal difference in suitable condition of physical and chemical characteristics in growth medium for symbiosis.
Yoshida (2000) and Sato et al. (1999) reported that in plug-grown transplants, rapid growth mainly in roots after transplanting is important aspect of plug seedling culture because slower growth at the transplanting resulted in a decrease in yield. In the present study, an increase in phosphorus concentration occurred in GM-infected seedlings of tomato at the transplanting. Hence, growth promotion of transplants in GM plot was partially attributable to the increase in phosphorus in plants through fungal symbiosis before transplanting. Vol. 41, No. 1 (2003) (21) 21
